ABSTRACT -The objective of this study was to evaluate the influence of the ovulatory follicle diameter on the reproductive performance of lactating beef cows subjected to low progesterone fixed-time artificial insemination (FTAI) protocols. Ninety-three lactating beef cows (60-80 days postpartum) at random stages of estrous cycle were given a luteolytic dose of prostaglandin F2α (500 μg cloprostenol; PGF) twice, 11 d apart. Ten days after the second PGF treatment, cows were given 1.5 mg of estradiol benzoate im and a progesterone-releasing intravaginal device (Cue-Mate) with a single pod containing 0.78 g progesterone (Day 0). Cows received another luteolytic dose of PGF on Day 0. On Day 8, the Cue-Mate was removed.
Introduction
Despite being widely studied, fertility in fixed time artificial insemination (FTAI) protocols still presents high variability (Baruselli et al., 2004; . The different pregnancy rates obtained with hormonal treatments can be associated, among other factors, with estrous cycle stage at the beginning of the treatment Meneghetti et al., 2009) , with the inherited individual animal response to the treatment and also with the ovulatory follicle diameter at the moment of FTAI (Perry et al., 2007) . Based on these considerations, it becomes evident that the success of gestation establishment is directly associated to the competence and diameter of the ovulatory follicle. Cows which were induced to ovulate small follicles (<11.5 mm) developed small corpus luteum, which secreted less progesterone (Vasconcelos et al., 2001) , and consequently, had lower pregnancy rate (Lamb et al., 2001 ) and an increase in embryonic death (Perry et al., 2005) .
As previously described and reviewed by many authors (Ghaemi et al., 2008; Kleemann et al., 1994; Mann et al., 2006) , the luteal progesterone post artificial insemination is essential to the appropriate establishment and maintenance of pregnancy (Mann & Lamming, 1999; McDonald et al., 1952) . The ability of the corpus lutem to produce progesterone depends on the number of granulosa cells of the ovulatory follicle (McNatty et al., 1979) , which is directly related with follicle diameter. The larger the follicle, the higher the number of granulosa cells and consequently, the higher the esteroidogenic potential of the future corpus luteum. Curiously, the ovulation induction of large follicles is also related to low fertility (Austin et al., 1999; Fricke et al., 1997; Shaham-Albalancy et al., 2000; Utt et al., 2003) ; notwithstanding, after luteinization, corpora lutea originated from these follicles secrete higher concentrations of progesterone (Pfeifer et al., 2009) .
Although the effect of the diameter of ovulatory follicles on fertility of cows traditionally inseminated (normal estrous cycle) (Perry et al., 2007) or fixed-time inseminated (Sá Filho et al., 2010) have been described; no study has evaluated such effect in cows subjected to low progesterone protocols of FTAI. Based on these considerations, the objective of this study was to evaluate the relationship between pregnancy rate and size of the ovulatory follicle, size of the corpus luteum and serum progesterone after FTAI with low progesterone protocols.
Material and Methods
A total of 93 lactating beef cows (Bos Taurus, mainly Hereford and Hereford Charolais), 60 to 75 days postpartum, between 3 and 14 years old, body condition score of 3.4 ± 0.4 (ranging from 2.5 to 4.0) and 450 to 650 kg of weight, were used in this study. The animals were kept on pasture, with access to water, salt, and a mineral mixture ad libitum. Before the start of the experiment, ovarian function was assessed twice (10 d apart) by transrectal ultrasonography (Aloka SSD-900 with 7.5 MHz linear-array transducer; Aloka, Tokyo, Japan). Only cows in which a corpus luteum was detected in one or both examinations were included in the study. All animals received 500 μg of cloprostenol i.m. (PGF, Estrumate, Schering-Plough Animal Health, Pointe-Claire, QC, Canada) twice, 11 d apart. Ten days after the second PGF injection (Day 0), corresponding to approximately 5 to 8 d after ovulation, all cattle received an intravaginal progesterone-releasing device (Cue-Mate; Bioniche Animal Health, Belleville, ON, Canada). Cows received another luteolytic dose of PGF on Day 0. Concurrently, cows were given 1.5 mg i.m. estradiol benzoate (Sigma Chemical Co., St. Louis, MO, USA) dissolved in canola oil. Each Cue-Mate was equipped with 1 progesteronereleasing pod (containing 0.78 g progesterone) and a second blank pod. It was expected that plasma progesterone concentrations below 1 ng/mL would be achieved 2 d after the insertion of these devices in cows without a functional corpus luteum (Rogan et al., 2007) . On day 8, the intravaginal devices were removed. The FTAI was performed 54 to 56 hours later, and cows were concurrently given 12.5 mg of porcine LH (LHp) i.m. (Lutropin-V, Bioniche Animal Health, Belleville, ON, Canada).
Transrectal ultrasonography was performed on Day 10 (before insemination) to determine the diameter of ovulatory follicle, on Day 17 to determine the diameter of the corpus luteum and the ovulation rate, and on Day 38 to detect pregnancy. The largest follicle present in the ovary, at the moment of FTAI, was classified as ovulatory only when a corpus luteum was detected, on Day 17, at the same position and in the same ovary.
Blood samples were collected by coccygeal venipuncture into 10 mL heparinized tubes (Vacutainer system; BectonDickinson, Franklin Lakes, NJ, USA) and were immediately centrifuged (1500 x g for 15 min); the plasma was collected and stored at -20 °C. Blood samples were collected on Day 4, in a subgroup of cows (n = 35; expected day of follicular emergence) to ensure that cows were under low progesterone concentrations, and on Day 17 in all cows (7 d after induction of ovulation) to determine serum progesterone.
Serum progesterone was analyzed by radioimmunoassay in solid phase, with a minimum detection limit of 0.1 ng/mL, according to Del Vecchio et al. (1995) . The standard curve of progesterone was obtained using the standard samples of a progesterone diagnostic kit (Coat-a-Count; Diagnostic Products Corporation, Los Angeles, CA, USA). Progesterone was extracted with 3 mL of hexane from aliquots of 200 μL of plasma. The intra-assay coefficients of variation (CV) were 12.3% and 8.2%; and the inter-assay CV was 15.0% and 14.0% for patterns of low (0.24 ng/mL) and high progesterone (0.93 ng/mL), respectively.
All statistical analyses were performed with the SAS software (Statistical Analyses System, version 9.0). To evaluate the influence of the follicle diameter on reproductive performance, the largest follicle detected in the ovary at time of FTAI was considered the ovulatory follicle. Due to low statistical power in such small amount of cows (n = 93), the follicles were separated in categories according to the pregnancy rate. The pregnancy rate for each follicle size was determined and its standard deviation from the average pregnancy rate was calculated. After that, follicles were grouped according to their deviation from the average pregnancy rate. This procedure enables the determination of which size of follicle was increasing or decreasing according to the average pregnancy rate. Therefore, the follicles were grouped in one of the five classes: 10-12; 13-15; 16-18; 19-21 and >22 mm. In the initial analysis of single-point measurements (e.g., diameter of corpus luteum and progesterone concentration on Day 17), the statistical model included: age, parity, days postpartum, body condition score, and body weight. Since these variables had no significant effects in the model, they were excluded from the final statistical model and analyzed by one-way ANOVA. The pregnancy rate and the proportion of cows classified into the different follicles category previously described were compared over the ovulatory follicle categories by the Chi-square test. To predict the effect of the diameter of the ovulatory follicle on pregnancy rate, a polynomial regression analysis was used, in which the statistical models were selected according to significance of the regression coefficients (P<0.05) and by the coefficient of determination. Furthermore, Pearsons correlations were determined for the following pairs of end points: diameter of corpus luteum and progesterone concentration on Day 17, diameter of ovulatory follicle and progesterone concentration on Day 17, and corpus luteum diameter. A descriptive analysis (means ± standard error) was performed to demonstrate the concentration of progesterone on Day 4.
Results and Discussion
The results of this study support the hypothesis that an optimal size of ovulatory follicle may improve the pregnancy in postpartum beef cows synchronized with low progesterone concentration. In this study, cows with ovulatory follicles ranging from 13-15 mm of diameter presented higher pregnancy rate than those detected with larger or smaller follicles ( Figure 1A ; P<0.05). In addition, it was possible to detect that the relationship between fertility and diameter of ovulatory follicle presented a quadratic response, whereas the small ( £12 mm) and large follicles ( ³16 mm) had lower pregnancy rates (Figure 2 ). The quadratic relationship that exists between the diameter of ovulatory follicle and pregnancy rate in Bos taurus females had been previously described (Perry et al., 2005; Perry et al., 2007; Vasconcelos et al., 2001 ). However, apparently, in Bos indicus females, this relationship was not detected, because the larger the ovulatory follicle detected at FTAI, the higher the probability of pregnancy (Meneghetti et al., 2009; Sá Filho et al., 2010) . Although data regarding the relationship between pregnancy probability and ovulatory follicle diameter had already been described in Bos indicus (Meneghetti et al., 2009; Sá Filho et al., 2010) , to the best of our knowledge, there were no reports showing an adequate mathematic model to estimate this relationship in Bos taurus herds.
A higher proportion of cows presented follicles between 13-15 mm, rather than between 10-12 mm and >22 mm of diameter (P<0.05; Figure 1B ). However, it is important to take into account that although all cows enrolled in this study were homogeneous regarding body condition score, lactating period and progesterone concentration during synchronization, a high amplitude in the size of ovulatory follicles among cows was detected (ranging from 10 to 24 mm). There is no certainty about the nature of this high variation among individuals; however some factors that affect the diameter of follicle in FTAI programs have been already described and might be involved on the high variability detected, such as the interval between follicular emergency and the progestin removal (Utt et al., 2003) , and the ovulation that may occurs during progestin based protocols . Ovulatory follicles larger than 19 mm resulted in larger corpus luteus than for cows detected with ovulatory follicles <15 mm in diameter (P<0.001; Figure 1C) . Similarly, ovulatory follicles >16 mm resulted in higher progesterone concentration 7 days after ovulation, than ovulatory follicles <15 mm (P = 0.04; Figure 1C ). As expected, there were significant positive correlations between diameter of ovulatory follicle at FTAI and of corpus luteum on Day 17 (r = 0.49, P<0.001) and between diameter of corpus luteum and progesterone concentration on Day 17 (r = 0.53, P<0.001). In addition, positive correlation between the diameter of ovulatory follicle at FTAI and progesterone concentration on Day 17 was also detected (r = 0.27, P = 0.01).
Some authors suggest that progesterone concentration after artificial insemination is positively related with fertility (Kleemann et al., 1994; Mann & Lamming, 1999) . Cows that have an earlier increase in progesterone concentrations after insemination have a higher chance of maintaining the pregnancy than cows with a slower rise (Diskin & Morris, 2008) . While progesterone is directly related with the size of the dominant follicle and with the steroidogenic ability of the future corpus luteum, apparently, according to this study, in low-progesterone-treated cows, pregnancy rate is more related with an adequate diameter of ovulatory follicle (13-15 mm). Follicles <11.5 mm that were induced to ovulate had smaller corpus luteum and secreted less progesterone than cows which ovulated larger follicles (Vasconcelos et al., 2001) . The induction of ovulation of small follicles may result in low pregnancy rate (Lamb et al., 2001; Perry et al., 2005) and increase in embryonic mortality rate (Perry et al., 2005) in postpartum cows subjected to FTAI. The mechanism by which the size of the dominant follicle can negatively affect pregnancy rate can be attributed to the ovulation of an incompetent oocyte, inadequate uterine environment, or both (Busch et al., 2008) . A short interval between follicular emergency and induction of ovulation can also be associated to low fertility (Vasconcelos et al., 2001 ). In contrast, high pregnancy rates (~70%) were obtained when ovulatory follicles had about 4 days of follicular dominance (Austin et al., 1999) .
Large follicles become large corpora lutea, and consequently, secrete higher concentrations of progesterone and higher fertility could be expected. However, in this study, very large ovulatory follicles were not associated to increased fertility in cows treated with low progesterone. Follicles that grew in a low progesterone environment tended to become persistent follicles and are highly associated with decrease on fertility (Anderson & Day, 1994; Fike et al., 1997; Sanchez et al., 1993; Wehrman et al., 1993) . The progesterone concentrations detected on Day 4 (0.53 ± 0.27 ng/mL) confirm that cows were under low progesterone concentrations during the hormonal treatment. Unfortunately, the authors of the present study were not able to perform daily ultrasound examination in all cows to ensure that the very large follicles detected were from persistent follicles. Females subjected to low progesterone concentration, in the absence of a corpus luteum, have an increase in LH pulsatility, similar to the LH secretion detected during the follicular phase of the estrous cycle (Kojima et al., 1992; Roberson et al., 1989) . The increased frequency of LH pulses apparently impairs the temporal relationship between oocyte and preovulatory follicle maturation (Austin et al., 1999) . Persistent follicles developed in low progesterone environment demonstrated a reduction on viability of oocytes (Revah & Butler, 1996) , perhaps because of the prematuration of the oocyte . Oocytes from persistent follicles may even be fertilized, but their developmental competence is compromised, and consequently, decreased embryonic development (Ahmad et al., 1995) . Furthermore, structural changes in the oocyte, as premature expansion of cumulus cells and germinal vesicle breakdown have been observed in oocytes from persistent follicles (Mihm et al., 1994; Revah & Butler, 1996) .
Conclusions
Although large ovulatory follicles result in larger corpora lutea and, consequently, higher progesterone concentration, post-partum cows synchronized with low progesterone that ovulated follicles between 13 and 15 mm in diameter at timed artificial insemination were more likely to become pregnant than cows with follicles that ovulate with more extreme diameters.
